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The effect of dissolved water on borate glasses 
containing 4-20 mol % Ag 2o was investigated. Water was 
dissolved in the glasses by bubbling with a carrier gas 
(oxygen) containing different partial pressures of water 
vapor. A minimum in water solubility was found at 11 mol 
% Ag 2o. Water contents in excess of 0.5 mol % H2o did not 
have a great effect on the transition temperature or the 
dilatometric softening point. Below 15 mol % Ag 2o, the 
water content had no effect on the thermal expansion 
coefficients. Beyond 15 mol % Ag 2o, the thermal expansion 
coefficients remain nearly constant for the wet glasses, 
but show a slight increase for the dry glasses. The water 
content was not observed to significantly affect the UV 
or visible spectra before or after x-ray irradiation. 
Differences in the location of the UV absorption edge and 
the minimum in the water solubility curve, when compared 
to alkali borate glasses, is attributed to electronic 
differences between silver and alkali ions. 
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Water, when chemically dissolved in glass is a minor 
constituent which significantly affects many properties. 
At a time when many raw materials are becoming scarce, 
water, in its abundance, exists as a possible substitute 
for other minor constituents and as a possible flux in the 
melting of glass, thus saving fuel. However, further 
characterization of water and its role in glass will have to 
be made. 
Investigations of commercial glass compositions have 
shown that 0.01 to 0.10 wgt % dissolved water affects 
nearly every property of these glasses. Similar effects 
have also been observed for vitreous B2o3 and borate glasses. 
In vitreous B2 o3 and sodium borate glasses, previous invest-
igations have shown density increases with increasing water 
content.[l, 2 ] Visser and Stevels[J] found that for a 
. . f 1011 . h . d t. f 5 5 constant v~scos~ty o po~se, t e ~ntro uc ~on o . 
mol % Na2o to B2o3 causes an increase in temperature 
equivalent to the decrease observed by the addition of 
1 mol % H2 0 to B2o3 • Recent internal friction measurements 
[ 4 ] have shown that the effects observed by the addition of 
water to a Li-Na borate glass are the same as those observed 
in the mixed alkali effect, i.e. the mixed peak and back-
ground shift to lower temperatures. A reduction in 
dielectric loss and an increase in the activation energy 
for dielectric loss were also observed[ 4 ] with increasing 
water content. Since water has been shown to affect the 
properties of a glass, it might be expected to be a signif-
icant factor in what has previously been referred to as 
the boron oxide anomaly. In light of Beekenkarnp's[S] 
recent interpretation of structural groupings in borate 
glasses as a temperature-dependent equilibrium, water might 
be expected to change the kinetic's of the equilibrium 
process. 
Investigations of alkali silicate[G] and alkali 
borate[?] glasses have suggested that the acid-base nature 
of a melt influences water solubility, and have shown that 
the solubility is directly proportional to the square root 
of the partial pressure of water vapor above the melt. 
Franz[?] has proposed that the field strength of the 
modifier ion, R, in an R-0-H group determines the activity 
of the proton and hydroxyl ion and thus the acid-base 
nature of the melt. The neutral point, where the proton 
and hydroxyl ion activity are equal, is observed as a 
minimum in the solubility curve with the water content 
increasing as the melt becomes either more acidic or basic. 
Franz found that the minimum in the solubility curve shifts 
toward lower alkali contents as the more basic oxides are 
added to acidic boric oxide. Due to the charge and size of 
h + . . h b d t h 1 t e Ag 1on, 1t as een assume to en er t e g ass as a 
modifier with properties similar to those of the alkalis. 
Since the water solubility has been proposed to yield data 
di~ectly relating to the interaction ·of modifier ions with 
2 
the network, it provides an opportunity to compare the 
alkali and silver ions. 
Previous work by Boulos[B] indicated that silver borate 
glasses are phase separated. This might be expected for two 
reasons; the crystal structure of Ag 2 0·4B2 o3 has been shown 
to consist of two identical-three dimensional-interlocking 
networks[ 9 ] and thermodynamic data on fused silver berates 
suggests that silver atoms are paired at concentrations below 
15 mol ~ Ag 2 0. [lO] F th h t' h b u ur ermore, p ase separa 1on as een 
observed[ll] in alkali borate glasses, and immiscibility 
boundries determined. Single phase glasses were observed 
above the immiscibility boundry in the Li, Na, and sometime 
in the K borate glasses. The immiscibility boundry in the 
Rb and Cs borate glasses, where single phase glasses could 
not be obtained, was however determined by a difference in 
the scale of separation. In sodium silicate glasses, 
Maklad[l 2 ] observed an increase in the kinetics of phase 
separation with increasing water contents. Since water has 
been shown to decrease the viscosity in borate glasses, it 
might also be expected to influence phase separation. 
The objective of the present study was to determine the 
effect of the dissolved water on the following properties 
of silver borate glasses: density, refractive index, 
transition temperature, dilatometric softening point, UV 
and visible transmission; and on the UV absorption edge and 
coefficient of thermal expansion, two properties that exhibit 
the boron oxide anomaly. To gain further insight into the 
3 
effect of silver on the structure of an oxide glass, and to 
further evaluate the observed similarities between the 
effects of alkali and silver ions, the water solubility as 
a function of silver oxide content was determined. The 
characteristics of phase separation in silver borate glasses, 
and any possible effect of water upon the phase separation 
process were also studied. 
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II. EXPERIMENTAL PROCEDURE 
(1) Glass Preparation 
Reagent grade silver nitrate and boric acid, once 
ground, were dry mixed to yield silver borate glasses 
containing 4-24 mol % Ag 20. Batches containing 4-16 mol % 
Ag2 0 and those containing 20 and 24 mol % Ag 2 0 were pre-
pared to yield approximately 90 3 and 25 3 of glass em em 
respectively. Due to the evolution of water from boric 
acid, the batch was initially melted in air; whereupon the 
alumina crucible containing the melt was lowered into a 
vertical fused silica tube, the bottom portion of which 
was located in the hot zone of a furnace. 
The melt was treated in one of two ways: 
A. Bubbled with oxygen having a water partial pressure 
of approximately 600 torr. 
B. Bubbled with oxygen dried with Caso 4 , thus 
approximating a zero partial pressure of water. 
The melts were bubbled for 6 hrs at temperatures between 
835°C and 875°C. After discontinuing the bubbling, and 
allowing the melt to fine for 20 min, discs and bars were 
poured into preheated steel molds. These samples were 
quickly inserted into a furnace, preheated to the approximate 
transition temperature, held for 20 min and then cooled 
slowly to room temperature. Glasses of the same initial 
silver content, but of different water contents were then 
annealed simultaneously (annealing temperatures-Appendix A) 
5 
in a dry nitrogen atmosphere for 10 hrs and cooled slowly 
to room temperature. 
(2) Chemical Analysis 
The glasses were quanitatively analyzed for silver and 
chemically dissolved water. The silver content was deter-
mined volumetrically by dissolving a weighed portion of 
glass in dilute nitric acid and titrating this solution 
with standardized ammonia thiocyanate, using ferric alum as 
an indicator. The titration endpoint was reproducible 
within + 0.3 mol % Ag 2 o. An infrared spectrophotometer* 
was used to measure the water contents using the OH 
absorption band located at approximately 3500 cm-l The 
method of determining extinction coefficients and water 
contents was the same as that described by Franz.[?] The 
error in determining the water content is considered less 
than+ 0.05 mol % H2 0. 
(3) Density and Refractive Index 
The density was measured according to ASTM C 693-71T. 
Two samples of each glass, weighing 1-3 g were measured and 
the average reported. The average difference between 
samples was 0.002 g/cm3 , with a maximum difference of 
0.007 g/cm3 observed between samples that contained small 
bubbles. Xylene was the immersion liquid and its tempera-
ture-density curve was determined prior to the density 
measurements. 
* Perkin Elmer 377 I.R. Spectrophotometer 
6 
The refractive index was measured by the Becke line 
method. The standardized immersion liquids covered a 
refractive index range of 1.400 to 1.700 at intervals of 
0.004. By mixing the liquids, the refractive index could 
be measured to + 0.001. 
(4) Thermal Expansion 
Therma~ expansion coefficients were measured using an 
automatic recording dilatometer.* Bars, 5.08 em long, were 
heated at a rate of approximately 4.0°C/min. The tempera-
ture was measured with a chromel-alumel thermocouple. The 
percent expansion was recorded at a sensitivity of 0.4 
mv/cm, where 1 mv equalled 0.005 em expansion. The graphs 
of percent thermal expansion versus temperature were 
analyzed according to Green[l3 ] to determine the coefficient 
of thermal expansion, transition temperature and dilate-
metric softening point. 
(5) Visible and UV Spectrophotometric Measurements 
The transmission of glasses containing 8, 15 and 20 
mol % Ag2 o was measured in the visible and ultraviolet 
ranges on a double beam spectrophotometer.** These samples 
were then irradiated for 15 min with a tungsten x-ray tube 
operating at 50 KV and 10 rna and the transmission remeasured. 
(6) Transmission Electron Microscopy 
An electron microscope*** equipped with a cold stage 
* Orton Automatic Recording Dilatometer 
** Beckman DK-2A Double Beam Ratio Spectrophotometer 
*** Hitachi HU-llA Electron Microscope 
7 
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was used to investigate phase · separation in the glasses 
containing 4-20 mol % Ag 20. Samples to be viewed in the 
microscope were first crushed and a flake exhibiting a very 
thin edge was chosen, etched for 30 sec in 0.5% HF acid, 
rinsed in distilled water, dried, and placed between 75 
mesh grids. The microscope settings were: 
1. Accelerating Voltage - 100 KV 
2. 1st Condenser Lens - L Position 
3. Condenser Aperature - #4 
4. Projection Pole - #1 
5. Projection Lens Current - 135 rna 
Objective aperatures were utilized whenever possible to 
enhance contrast without compromising b~am intensity. The 
intermediate lens current used was 70 rna. 
III. RESULTS 
(1) Chemical Analysis 
Silver analysis was made to correct for precipitation 
and volatilization losses of Ag2o during bubbling. Table 
I shows that glasses originally prepared to contain 24 
mol % Ag 2o contained only 20.2 and 19.9 mol % Ag2 o after 
bubbling; with proportionately lower losses in the other 
glasses. The Ag 2o content for the wet and dry glasses 
for each composition were within the expected 1 mol % of 
each other. Although one might expect the water saturated 
oxygen vapor to have increased the Ag 2o volatilization 
losses, no difference was observed in these experiments. 
The Ag 2 o contents determined by chemical analysis have 
been rounded to the nearest whole number when referred to 
hereafter. 
The water content as a function of Ag2 o content is shown 
in Figure 1 for the wet and dry glasses. With the exception 
of the 11 mol % Ag2o wet glass, whose water content was repro-
ducible, the wet glasses show a minimum in solubility similar 
to that reported in alkali silicate[G] and borate glasses.[?] 
In contrast to the alkali borate glasses, where solubility 
minima are observed at 25 mol % K20, 35-40 mol % Na2o, and 
beyond 40 mol % Li2 0, the minimum for the silver borate 
glasses occurs at 11 mol % Ag2o. One difference between 
the . glasses prepared by Franz,[?] and those in this investi-
. gation; is that Franz's glasses were rapidly quenched from 
9 
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Table I. Analyzed Ag2 0 and H2 0 content. 
Mol % Ag 2 0 Bubbling Mol % Ag2 0 ·Mol % 
Batch Vapor Analyzed H2 0 
Dry 3.9 0.56 
4 
Wet 3.9 1.99 
Dry 7.6 0.54 
8 
Wet 7.6 1.08 
Dry 9.4 0.51 
10 
Wet 9.4 1.03 
Dry 10.5 0.56 
12 
Wet 11.4 1.58 
Dry 14.8 0.35 
16 
Wet 14.8 1.07 
Dry 17.7 0.43 
20 
Wet 18.1 2.57 
Dry 20.2 0.28 
24 












Fig. 1. Water solubility curve for silver borate glasses. 
e =wet glasses, C = dry glasses. 
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the melt without subsequent annealing. This will definitely 
affect the structure of the glass, and may influence the 
bonding of water in the glass. Comparison of the water 
content at the solubility minimum in various borate glasses 
shows that K2 0 and Ag 2o borate glasses both contain approx-
imately 1 mol % H2 0. Since the partial pressure of water 
vapor above the melt was lower for the wet silver borate 
glasses, they might be expected to chemically dissolve 
more water than the alkali borate glasses at a constant 
water vapor partial pressure. The water contents of the dry 
glasses do not change significantly in the glasses studied. 
With increasing Ag2 0 content, the position of the OH 
infrared absorption band at 3600 cm-l shifted to lower wave-
numbers, while the halfwidth of the band increased, Figure 
2 and 3, respectively. Compared to the alkali borate 
glasses,[?] where the addition of 40 mol% alkali is required 
to shift the OH band to approximately 3450 cm-1 , only 20 mol 
% Ag2 o shifts the OH band to approximately 3420 cm-
1
• 
Similarly, the halfwidth of the OH band in silver borate 
glasses shows larger increases than the alkali borate glasses, 
Figure 3. 
(2) Density and Refractive Index 
The density, which is in good agreement with previous 
work,[S] and refractive index are listed in Table II. In 
agreement with previous work,[l, 2 ] the wet glasses have a 
higher density than the dry glasses. In contrast to silicate 










































Fig. 3. Changes in halfwidth of the OH infrared absorption 
maxima in lithium, sodium, potassium and silver borate 
_ glasses. 0 = silver, 6 = lithium and- sodium, C = 
potassium borate glasses. 
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Table II. Effect of OH on density and refractive index 
Mol % Ag 2 0 Bubbling Density g/cc Refractive !:. Density 
Analyzed Vapor (+ 0.002) Index !:. H2 0 
(+ 0.001) 
Dry 2.107 1.492 
4 0.014 
Wet 2.127 1.496 
Dry 2.401 1.523 
8 0.024 
Wet 2.414 1.525 
Dry 2.542 1.538 
9 0.019 
Wet 2 .552 1.541 
Dry 2.688 1.553 
11 0.008 
Wet 2.696 1.554 
Dry 2.970 1.581 
15 0.015 
Wet 2.981 1.581 
Dry 3.200 1.601 
18 0.005 
Wet 3.189 1.601 
Dry 3.409 1.623 
20 0.008 
Wet 3.422 1.625 
to proportionally increase the density, the proportional 
effect of water on increasing the density in silver borate 
glasses decreases with increasing Ag 2 0 and water content, 
Table II. The glasses of higher water content also had a 
higher refractive index. 
(3) Transition Temperature and Softening Point 
Glasses of higher water content had lower transition 
temperatures and dilatometric softening points, Figure 4 
and 5 respectively, similar to that observed for silicate 
glasses. [l 2 ] With increasing Ag 2 0 content, the effect of 
water on the transition temperature increases slightly. 
Equivalent amounts of water in the 4 and 20 mol % Ag2o 
glasses decreases the transition temperature 5 and l9°C 
respectively. The softening points were uniformly lower 
for the wet glasses, differences between wet and dry glasses 
did not change significantly with H2 0 or Ag2 0 content. 
The wet and dry 4 and 20 mol % Ag2o glasses had differences 
in water content of 1.43 and 1.73 mol % H20, respectively, 
but the difference in softening point was ll°C in both 
cases. Differences in the transition temperature and 
softening points between the present and previous work[B] 
are attributed to greater sensitivity in monitoring the 


























Fig. 4. Effect of OH content on the transition temperature 
of silver borate glasses. e = wet glasses 1 0 = dry 






















Fig. 5. Effect of OH content on the softening point of 
silver borate glasses. e = wet glasses, 0 = dry glasses, 
1:1 = reference 8. 
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(4) Thermal Expansion 
The coefficient of thermal expansion, Table III, are 
in reasonable agreement with those reported previously.[ 8 ] 
Figure 6 shows the change in the thermal expansion 
coefficient with Ag 2 0 content for the present work, and 
values reported previously.[ 8 ] Below 15 mol % Ag2 o, no 
significant differences are observed between the wet and 
dry glasses. Beyond 15 mol % Ag2 0, the dry glasses show 
a small increase in the thermal expansion coefficient, 
while those for the wet glasses remain nearly constant. 
The increase in thermal expansion beyond 15 mol % Ag 2 0 for 
the dry glasses agrees with that reported for alkali borate 
glasses and previous measurements for silver borate glasses. 
[8] 
(5) Visible and UV Spectrophotometric Measurements 
Figure 7 shows the visible and ultraviolet trans-
mittance prior to irradiation. The water content had no 
detectable effect on the transmittance in either range, nor 
on the ultraviolet absorption edge. The location of the 
UV absorption edge, defined by McSwain[l 5 ] as the point 
-1 
where the absorption coefficient = 1.15 mm , is found to 
differ significantly between the alkali and silver borate 
glasses. In the 20 mol % Ag 2 0 glass, the UV edge occurs 
at 378 mu, whereas the UV edge in borate glasses containing 
25 mol % alkali is at: Li2o< 180 mu; Na2 0~215 mu; K2 o~ 230 
mu. McSwain attributes the pronounced shift in the UV 
edge between samples containing 15 and 20 mol % Na2o, 
19 
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Table III. Effect of OH on the transition 
temperature, softening point, 
and thermal expansion coefficient. 
% Ag 2 0 Bubbling Transition Softening Expansion 
Analyzed Vapor Temp. oc Point oc Coefficient 
(+ 5 oc) (+ 5 oc) l0-6 /°C 
Dry 294 334 11.7 
4 
Wet 289 323 11.8 
Dry 328 365 9.8 
8 
Wet 324 367 9.0 
Dry 358 390 8.9 
11 
Wet 345 379 9.0 
Dry 380 420 8.7 
15 
Wet 375 406 8.4 
Dry 405 437 9.2 
18 
Wet 384 421 8.6 
Dry 411 447 8.9 
20 
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20 
Fig. 6. Effect of OH content on the thermal expansion 
coefficient of silver borate glasses~ • = wet glasses, 



















Fig. 7. Effect of OH content on the visible and UV spectra of silver borate glasses. 
(A} wet 4 mol % Ag 2o - 0 .089 mm thick (C) wet 8 mol % Ag 2o - 0.076 rnrn thick (E) wet 20 mol % Ag 2o - 0.085 rnm thick 
(B) dry 4 mol % Ag 2o - 0.095 rom thick (D) dry 8 mol % Ag 2o - 0.088 rom thick (F ) dry 20 mol % Ag 2o - 0.080 rom thick l'V l'V 
Figure 8, to the occurance of non-bridging oxygen ions. 
This interpretation is supported by Scholze,[lG] where he 
observed shifts in the UV edge as non-bridging oxygen ions 
occur in silicate glasses. Silver borate glasses show a . 
sudden shift in the UV absorption edge between 15 and 20 
mol % Ag 2 0, Figure 8, similar to that observed in sodium 
borate glasses. Figure 9 shows the transmittance spectra 
after x-ray irradiation. All samples were a dark yellow, 
but no difference in absorption is detectable between the 
wet and dry glass spectra. Comparison of the visible and 
ultraviolet spectra before and after irradiation show the 
transmittance of the 8 and 15 mol % Ag 2o glasses to have 
decreased to a greater extent than that of the 20 mol % 
Ag 2 0 glass. The resulting transmittance of all samples was 
within 5 · % of each other at the UV edge and thus no 
significant differences in the effect of water could be 
observed. 
(6) Phase Separation 
Glasses containing 8-20 mol % Ag 2o were visually 
examined with an electron microscope. Although numerous 
precautions were taken, localized heating and charging of 
the sample under the electron beam was always evident, and 
prevented photographic documentation of the structural 
changes observed. 
All unannealed glasses exhibited two phases. The wet 
glasses were found to contain two types of structures: one 
























Fig. 8. Shift of the UV infrared absorption edge in 
sodium and silver borate glasses. 0 = silver borate 















4.0 3.0 20 
PHOTON ENERGY .ev) 
Fig. 9. Effect of OH content on the visible and UV spectra of x-ray irradiated silver 
borate glasses. 
(A) wet 4 mol % Ag2o - 0.089 rnm thick (C) wet 8 mol % Ag 2o - 0.076 mm thick (E) wet 20 mol % Ag 2o - 0.085 mm thick 
(B) dry 4 mol % Ag2o - 0 . 098 rnm thick (D) dry 8 mol % Ag2o - 0.08 8 rnm thick (F) dry 20 mol % Ag 2o - 0.080 mm thick 
1\.) 
lJ1 
two continuous phases. While the dry glasses showed only 
one type, that of two continous phases. 
Glasses were heat treated between 425°C and 609°C for 
as long as 96 hrs. Different types of microstructures 
were observed, but no progressive effects of time or tern-
perature on phase separation could be determined. The 
structure of a wet 8 mol % Ag2 o glass, heat treated for 
24 hrs at 425°C, consisted of a matrix and discrete 
0 
particles ranging from 100 to 200 A in diameter. Wet and 
dry glasses of 9 and 15 mol % Ag2 0 were heat treated at 
502 and 450°C respectively, for varying times, without 
significant difference between the wet and dry glasses 
being apparent. Heat treatment of glasses containing 8-20 
mol % Ag2o at 609°C failed to produce a single phase glass. 
In conjunction with the observation that the unannealed 
glasses were phase separated, it may be concluded that the 
melt, and therefore the glasses, are most likely immiscible 
on a very small scale. 
A 15 mol % Ag 2o borate glass was prepared by melting 
in air and stirring, and examined to determine the effects 
of bubbling on melt homogeneity. Bubbling definitely 
increased the homogeneity of the glass, and may possibly 
explain minor differences between this work and previous 
work by Boulos', where glasses were melted in air and 
stirred regularly.[ 8 ] 
Due to the difficulties involved in obtaining photo-
graphs while working on the microscope, phase separation 
26 




(1) Structure of B2 o 3 and Alkali Borate Glasses 
Vitreous B2 o 3 has been established to consist of a 
continuous network of B0 3 triangles, linked by the corner 
oxygens.[l?] The addition of alkali ions to vitreous B2 o3 
can potentially result in the formation of non-bridging 
oxygen ions or B0 4 groups. Originally it was postulated 
that the excess oxygen introduced with an alkali ion 
resulted in the formation of B0 4 groups up to the 
composition R2 0·5B2 o 3 , beyond which the excess oxygen 
resulted in non-bridging oxygen ions associated with B0 3 
groups only.[lS] Recent NMR investigations have shown that 
BO 4 groups form beyond the composition R2 0 · 5B2 o.3 and that 




20 ] Because of the experimental error in determin-
ing the fraction of four coordinated boron by NMR 
techniques, and experimental data on the movement of the UV 
absorption edge, Beekenkamp proposed a modified theory for 
the structure of alkali borate glasses.[ 5 ] According to 
his model, the fraction of four coordinated boron, N4 , 
above 15 mol % R2 0 is given by: 
X 
1-x [ l+ell\x-4.8 J (1) 
where x is the mol fraction of modifier oxide. This model 
allows for the formation of a small number of non-bridging 
oxygen ions at x = 0.15 and does not require B0 3 groups to 
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to be bonded to only one B0 4 group. The structure of 
alkali berates, as viewed by Beekenkamp, is determined by 
the number of B0 4 groups and non-bridging oxygen ions, 
whose equilibrium ratio is temperature dependent. The 
equilibrium constant, K, determining the above ratio 
accounts for the temperature dependence: 
K = e-LE/kT (2) 
Using values from Bray,[ 24 ] Beekenkamp shows that ln K is 
a linear function of x; and thus indicates the relation of 
temperature to the exponential function in Equation 1. 
The formation of B0 4 groups in borate glasses has been 
1 . d b . . . [17] . exp a1ne y var1ous 1nvest1gators. However, be1ng an 
electron deficient ion which is poo~ly shielded in 
triangular coordination, the change in coordination of 
boron can be viewed as enabling boron to fill its valence 
shell and further shield its nucleus. 
(2) Incorporation of Water in Vitreous B2o3 and Borate 
Glasses 
The incorporation of water in vitreous B2o3 and its 
resulting effect on the glass structure has been investi-
gated by vibrational spectra[ 2 l] and x-ray scattering.[ 22 ] 
The conclusion was that water dissolved in vitreous B2o3 
is present as hydroxyl ions, and forms very weak hydrogen 
bonds between oxygen ions. Although the presence of B0 4 
groups was not observed in either investigation, the 
presence of minor amounts of B0 4 groups was not ruled out. 
A subsequent NMR investigation of water in vitreous B2o3 
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suggested that minor amounts of boron ions are in four 
fold coordination.[ 23 ] However, the majority of dissolved 
water incorporated in vitreous B2o3 is believed present 
as pictured in Figure 10. 
Due to the presence of B0 4 groups and alkali ions, 
water dissolved in alkali borate glasses may differ from 
that in vitreous B2o3 • Structurally, the oxygen ions in 
alkali borate glasses are more polarizable in general, and 
oxygens linking B0 3 and B0 4 groups exist in addition to 
those linking B0 3 groups. 
The OH infrared absorption band in borate glasses 
indicates, due to its position, that the amount of hydrogen 
bonding in alkali berates is greater than in vitreous 
B2 o3 • In vitreous B2 o3 the OH infrared absorption band is 
at ~ 3600 cm-l The addition of alkali oxides and their 
effect on the structure of vitreous B2o3 shifts the OH 
absorption band from 3600 to 3450 cm-1 • The OH infrared 
absorption band in silver borate glasses ranges from 3560 
1 -1 
em- in the 4 mol % Ag2o borate glass to 3420 em in the 
wet 20 mol % Ag 2o borate glasses. The shift to smaller 
wavenumbers, Figure 2, indicates that hydrogen bonding in 
borate glasses increases with increasing Ag 20 content.[
24 ] 
The increase in the halfwidth of the OH absorption band in 
silver borate glasses, Figure 3, also implies increased 
hydrogen bonding.[ 24 ] 
























































































































































The minimum in the water solubility curve for 
silver borate . glasses, Figure 1, does not fall in the 
series for alkali borate glasses presented by Franz.[?] 
Based on charge/size ratio of the modifier ion, one 
would predict a minimum in the water solubility curve 
for silver borate glasses between that observed for sodium 
and potassium borate glasses. Franz observed that the 
neutral point in the water solubility curves of the 
alkali borate glasses varied as the basicity of the alkali 
oxides in aqueous solution < That 
silver might not be expected to behave as an alkali 
can be seen by its classification in aqueous solution 
as a type "b" acceptor, while the alkali ions are listed 
as type "a" acceptors, according to the Lewis acid-base 
concept. [ 25 ] The difference is that "b" acceptors are 
not governed by their electrostatic interactions -
their coordinating ability is not found to vary with the 
charge and size. [25 1 
Deriving an ionic potential from the charge/size 
. f '1 . . . ' d t A +l rat1o o s1 ver 1n 1ts most common 10n1ze sta e, g , 
one might assume it to be present in a glass in the same 
manner as the alkali ions. A shortcoming of such a 
derivation is that no provision is made for shielding 
electrons; the shielding electrons are assumed 100 % 
effective. +1 In transition metal ions such as Ag , the 
outer electron shell is composed of d electrons, which 
shield the nucleus poorly. In the comparison of alkali 
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and silver ions, where both the ions have the same size and 
cha~ge, the electronic configuration of the silver ion 
will be more polarizing (higher effective nuclear charge) 
than the noble gas configuration of the alkali ions. 
The appearance of the minimum of the water solubility 
curve for silver borate glasses at a lower silver content 
than expected from the charge/size ratio, according 
to Franz, may then be attributed to the fact that the 
silver is more covalent than the alkali. Moreover, 
silver is listed as having an electronegativity of 1.93, 
while boron is listed as 1.93 in the sp2 state and 
1.81 in the sp3 state.[ 2 G] Thus competition between 
boron and silver for oxygens in the glass will be greater 
than that exhibited by lithium, the alkali with the 
highest electronegativity of 1.00. 
The nature of the covalent bond, in that it does 
not shift the electron density of ions as in ionic 
bonds, is offered as an explanation for the increased 
activity of the OH ion at low silver contents in silver 
borate glasses. By sharing electrons, silver allows 
the hydrogen ion (proton) to increase its association 
with the oxygen ions at lower Ag 2o contents than 
would be possible for alkali ions. The increase in 
the hydrogen bonding, as shown by the shift in 
the OH infrared absorption band in silver borate glasses, 
results in a decrease in the overall oxygen-oxygen 
bond distance as the hydrogen bonding increases. Thus the 
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location of the neutral point in the solubility curve may 
be due to the interaction of modifier ions with the net-
work and its effect on the network's ability to allow for 
hydrogen bonding. This is supported by the observed 
minimum in the water solubility curve for silver borate 
glasses at low Ag 2o contents, where the amount of hydrogen 
bonding in silver borate glasses is greater than in alkali 
borate glasses. However, further structural evidence 
concerning the location and reaction of modifier ions 
(silver) with the network are needed to confirm the above. 
(4) Effect of Water on the Properties of Vitreous B2o3 
and Borate Glasses 
Water dissolved in vitreous B2o3 and alkali borate 
glasses increases the density and the refractive index,[ 2 ] 
as was found in the present investigation for wet and dry 
silver borate glasses, Table II. The proportional effect 
of water on increasing the density of silver borate glasses 
however, decreases with increasing Ag 2o content, Table II. 
The increase in the density of the wet glasses can be 
viewed as an indication of the effect of water on the 
variation of viscosity with temperature;[ 2 ] thus allowing 
the glass to attain a lower temperature structure which is 
more dense. A decrease in viscosity with increasing water 
content in vitreous B2 03 and sodium borate glasses with less 
than 16 mol % Na2o was observed by Visser and Stevels.[J] 
As previously noted the effect of 1 mol % H20 in reducing 
the viscosity of vitreous B2o3 is equivalent to that of 
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5.5 mol % Na2o in increasing the viscosity. Thus the effect 
of water on the viscosity of vitreous B2o3 is opposite to 
that of the alkali oxides. However, the data of Visser and 
Stevels[ 3 ] show that the effect of 0.96 mol % H2o. is greater 
in vitreous B2 o3 than in 5.5 and 15 mol % Na 2o borate 
glasses. From a comparison of the effect of water on the 
viscosity of vitreous B2o3 and 5.5 and 15 mol % Na2 o 
borate glasses, it was concluded that water contents less 
than 0.3 mol % have a proportionately greater effect in 
reducing the viscosity than. glasses containing more than 
0.5 mol % H2 0 due to the formation of strong hydrogen 
bonds.[ 3 ] In the present work, two dry glasses contained 
approximately 0.3 mol % H20, with the remaining glasses 
containing more than 0.5 mol % H2o. Thus, the effect of 
water on the properties of silver borate glasses in the 
present work, with their respective water content, might 
not be expected to show significant differences if strong 
hydrogen bonds are formed beyond 0.5 mol % H20. 
The softening point and the transition temperature 
of the silver borate glasses, Figure 4 and 5, do not 
exhibit large differences between the wet and dry glasses, 
although the temperatures for the wet glasses are lower in 
both instances. The differences in the transition temper-
atures between the wet and dry glasses beyond 16 mol % Ag 2o 
are observed to increase. The occurance of non-bridging 
oxygen ions, which are considered to decrease the viscosity 
in silicate glasses, may be responsible for the greater 
effect of water beyond 16 mol % Ag2 o. However, since non-
bridging oxygen ions are only present in minor amounts, the 
increasing number of alkali ions has been considered as a 
possible explanation for reversals in physical property 
measurements. The softening points for the wet and dry 
glasses have larger differences than observed for the 
transition temperature; however, the differences are similar 
regardless of Ag 2 0 and H2 0 contents in the glasses studied. 
The increased effect of water on the softening point may 
reflect the effect of increasing temperature in rupturing 
the hydrogen bonds, which are comparatively weak. 
In vitreous B2 o 3 , Poch[
2 ?] observed an increase in the 
thermal expansion coefficient from 15.0 x lo-6;oc in an 
essentially water free glass to 15.8 x l0-6/°C in a glass 
containing 0.28 wgt % water. Below 15 mol % Ag20, water 
had no significant effect on the coefficient of thermal 
expansion, Figure 6. This indicates that the increased 
coherence of the network, due to the formation of B0 4 
groups by the addition of Ag 2 o, is not affected by the 
increase in water content or possible hydrogen bonding. 
Above 15 mol % Ag 2 o the thermal expansion coefficients of 
the dry glasses increase, while those of the wet glasses are 
nearly constant; thus it can be inferred that the dissolved 
water increases the coherence of the network. The 
increase in thermal expansion coefficient in alkali berates 
above 16 mol % alkali oxide has been attributed to the 
increasing alkali content and minor amounts of non-bridging 
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oxygen ions. The thermal expansion coefficients for the 
wet glasses are attributed therefore, to the effect of 
hydrogen bonding with the non-bridging oxygen ions. The 
increased strength of a hydrogen bond, due to the presence 
of a non-bridging oxygen ion, follows from the general 
observation that the strength of an unsymmetrical hydrogen 
bond is increased as the charge on its end numbers. [ 24 ] 
As previously noted, Figure 2, the amount of hydrogen 
bonding increases continuously in silver borate glasses. 
The transmission of silicate glasses in the ultra-
violet range has been attributed by Scholze[l6 ] to the 
concentration of non-bridging oxygen ions. As previously 
noted, McSwain[l 5 ] observed a significant shift in the UV 
absorption edge of sodium borate glasses between 15 and 20 
mol % Na 2 o, similar to that observed in silver borate 
glasses. If this shift is attributed to the occurance of 
non-bridging oxygen ions, then comparison of the wet and 
dry silver borate glasses indicates that water dissolved in 
these glasses does not significantly increase the number of 
non-bridging oxygen ions. It is also significant that 
water incorporated in silver borate glasses containing more 
than 15 mol % Ag 2 o does not affect the transmission as 
observed in sodium silicate glasses containing non-bridging 
oxygen ions. 
(5) Comparision of the UV Absorption Edge in Silver and 
Alkali Borate Glasses 
As previously noted, the location of the neutral point 
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in the water solubility curve for s£lver borate glasses 
occurs at a much lower modifier content than in alkali 
borate glasses. Differences in the extent of hydrogen 
bonding, halfwidth of OH absorption band and the shift of 
the OH absorption maximum, also indicate that silver reacts 
in a manner differing from its charge and size, which 
initiated its proposed similarity with alkali ions when 
incorporated in glass. 
In the present work, a significant difference was 
observed in the location of the UV absorption edge. The 
physical significance of the UV absorption edge has been 
explained theoretically by Stevels.[ 281 Based on the UV 
absorption mechanism in alkali halides and its application 
to glass, Stevels drew the following conclusions: the 
influence of the modifier ion, although small, can be 
discussed in light of the theory for alkali halides; the 
absorption edge in all glasses corresponds to the transition 
of an electron belonging to an oxygen ion to an excited 
state. 
McSwain has since shown a distinct shift in the UV 
edge for sodium borate glasses between 15-20 mol % Na2o. [l
5 l 
The silver borate glasses show a similar shift, but the 
location of the UV edge and the magnitude of its shift are 
different. By considering the equation governing the 
energy requirements for such transitions, the observed 
differences can be examined. The equation for the energy 
required for an electronic transition in an alkali halide 
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is: [15] 
hv = EHAL + M - ¢POL (3) 
where M = work done against Coulomb attractions of the 
cha~ges of the Lattice (Madelung Constant) • 
EHAL = electron affinity of the halogen ion. 
¢POL = energy _ gained due to the disappearance of 
polarization of the surrounding ions. 
The UV absorption edge in silver borate glasses appears 
at a longer wavelength - lower energy than the alkali ions. 
Equation 3 shows therefore, that the affinity of the oxygens 
for electrons, and the w0rk required to free an electron 
from the oxygen network has decreased. With respect to the 
oxygen ions, the increased covalency due to the presence 
of silver rather than alkali ions permits the sharing of 
electrons, thereby satisfying the electron affinity of the 
oxygen to a greater extent than the ionic bond of the alkali 
ions. The increased covalent nature of the network will 
in general require less energy to excite an electron, since 
the covalent bonds will shift their electron density to 
compensate for variances elsewhere in the network. Thus, 
the covalent nature of silver and its effect on the network 
can be considered to explain the differences in the location 
of the UV edge between silver and alkali borate glasses. 
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V. CONCLUSIONS 
1. Water dissolved in silver borate glasses increases the 
density and refractive index, but decreases the transition 
temperature, dilatometric softening point and coefficient 
of thermal expansion above 16 mol % Ag 2 0. Except for the 
thermal expansion coefficient, the physical properties of 
the wet glasses varied in a manner similar to that for 
silicate glasses. Water seems to change the thermal expan-
sion coefficient of the glasses beyond 16 mol % Ag2o. This 
is attributed to an increased cohesion of the network 
resulting from hydrogen bonding of the OH ions in the 
glasses. 
2. Water had no significant effect on the visible or 
ultraviolet spectrum of the glasses studied, before or 
after x-ray irradiation. 
3. Silver borate glasses exhibited differences in the 
location of the ultraviolet absorption edge and water 
solubility minimum when compared to alkali borate glasses. 
These differences are attributed to the covalent nature of 
silver and its resulting effect on the glass structure. 
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Annealing Temperatures for Silver Borate Glasses. 









Calculation of Extinction Coefficients and Water Contents. 
1. Transmission spectra were converted to extinction 
spectra, assuming the transmission at 4000 cm-l to be 
100 %, using the following equation: 
E = E C = 1 log 1 (cm-1 ) d D 
E - Extinction (cm-1 ) 
E - Extinction Coefficient (liter/mol em) 
C - Concentration (mole/ liter) 
d - Thickness (em) 
D - Transmission 
2. Extinction spectra were normalized to the maximum 
in the OH extinction band. 
3. The normalized OH extinction curves of an unknown 
and known are then compared. 
Al = El Cl 6VH1 
A2 = E2 C2 6VH2 
A - Area under normalized curve 
~vHl - Halfwidth of the normalized curve 
Cl = El llVHl 
c2 = E2 llvH2 
Combine the two preceeding equations 
E2 = El A2 <x-r~ 
1 
The above equation is based on two assumptions: 
1. The water concentration is proportional to 
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the integral extinction. 
2. The integrated intensity of the hydroxyl 
band is independent of _ glass composition. 
4. Franz utilized the above to calculate the 
extinction coefficients for the alkali berates based on 
In this experiment a lithium borate 
glass was prepared, ~vHl and A1 determined from its I.R. OH 
absorption band, and the extinction coefficient determined 
by Franz for a lithium borate glass containing 16.5 mol % 
Li 2 o utilized. 
5. With the given data the water content was 
calculated as follows: 








10-3 molesjcc x M.W. H2 0 g/mole 
-3 
= cone. H2 0 x 10 
wgt % H2 0 = H2 0 g/cc 
dens1ty 
density x wgt % H2 0 
M.W. H2 0 





Chemical Analysis for Silver 
Materials: 0.1 N soln. AgN03 (standard solution) 
0.1 N soln. NH 4 SCN 
1.0 N soln. HN0 3 - used to dissolve glass 
Saturated soln. of ferric ammonium sulfate 
1-2 grams of sample 
Reaction: AgN0 3 + NH 4 SCN + AgSCN + NH 4 No 3 
FeSCN - intensely colored red complex in 
Calculation of % Ag 2o 
Wgt % Ag 2 0 = 
acid medium 
= £ NH4 SCN x N NH 4 SCN x 1 eq Ag x 107.868g x 100 x 1.08 
1 eq NH4 SCN 1 eq Ag 
wgt sample 
24081.8 
